on behalf of the International Network for Evaluating Outcomes (iNeo) of Neonates OBJECTIVES: To compare survival rates and age at death among very preterm infants in 10 national and regional neonatal networks.
Preterm birth remains the major cause of infant mortality in highincome countries. 1 Studies published in the last decade have shown variability in survival rates and outcomes among health care settings as well as within countries. 2 -12 Results from the Euro-Peristat project showed that neonatal survival among very preterm infants improved by 29% between 2004 and 2010 in 18 European countries, including those with high baseline survival. 13 Such comparisons of different health care organizations worldwide can deliver important benchmarking information and potentially provide impetus for reviewing clinical practices, norms, and guidelines.
The International Network for Evaluating Outcomes of Neonates (iNeo) is a nonprofit collaboration among 10 national and regional neonatal networks: the Australian and New Zealand Neonatal Network (ANZNN), the Canadian Neonatal Network (CNN), the Finnish Medical Birth Register (FinMBR), the Israel Neonatal Network (INN), Neonatal Research Network Japan (NRNJ), the Spanish Neonatal Network (SEN1500), Sweden's National Quality Registry for Neonatal Care (SNQ), the Swiss Neonatal Network (SwissNeoNet), Tuscany Neonatal Network (TuscanNN), and the United Kingdom Neonatal Collaborative (UKNC). The overarching aim of the iNeo collaboration is to compare outcomes of very preterm infants, understand reasons for variations, and, if possible, identify areas for improvement in care practices based on findings. 14 By using the iNeo data set, the objective of this study was to compare gestational age (GA)-specific survival rates for very preterm infants in all neonatal networks currently participating in the iNeo partnership and to explore variations in postnatal age at death among the very preterm population.
Methods

Population and study design
This cohort study included infants born at 24 to 29 weeks' gestation, weighing <1500 g at birth, and registered in participating network databases from (2008 for UKNC, 2009 for TuscanNN). The criterion of 1500 g was used because some networks limited their data collection to infants with a birth weight <1500 g. Stillborn infants and delivery room deaths were not included because all networks do not routinely collect data on these infants. Because of variability in practices and philosophy of care provision at <24 weeks' GA, we only included neonates born at ≥24 weeks' gestation. Infants admitted for the first time to neonatal care after 36 weeks' corrected GA were excluded. Data on infant characteristics and outcomes were extracted, as previously described. 14 
covariates
GA was determined by the best estimate based on either early ultrasound, the timing of the last menstrual period, or physical examination after birth, in that order. Antenatal steroid use was defined as maternal receipt of antenatal steroids at any time before birth. Birth weight z scores were calculated according to birth weight references appropriate for each country. 15 -17 Mode of delivery was recorded as vaginal or cesarean. Multiple births included twins and higher-order multiples.
outcomes
The primary outcome was survival to discharge from the hospital for infants admitted to neonatal care. Survival to transfer to a step-down hospital was used when follow-up was available only until the transfer. We analyzed survival in 1-week GA increments. As a secondary outcome, we compared postnatal age at death among nonsurvivors. Neonatal morbidities among iNeo survivors have been recently published. 18 
data Management
For most networks, defined data elements were either collected from patient records by designated abstractors according to network policies or entered directly into a central online database by participating units. For the UKNC, data were obtained from the National Neonatal Research Database managed by the Neonatal Data Analysis Unit, which contains a predefined extract from electronic patient records used in UK neonatal units. Finnish data were collected from the Medical Birth Register kept at the National Institute for Health and Welfare.
statistical analyses
Background characteristics of infants were compared by using the Pearson χ 2 test for categorical variables and the analysis of variance F test for continuous variables. Standardized ratios (SRs) were computed by using the indirect standardization approach. The pooled estimate of survival for the whole population was used as a standard. Each network was then compared with this standard, computed as the sum of predicted probabilities from a multivariable logistic regression model with adjustment for GA (linear), birth weight z score (linear and quadratic), multiple births, and sex. SR estimates were displayed graphically to identify countries with survival rates greater than and less than the average rate of all others with 99% confidence intervals (CIs). Because the SR estimate is calculated in relation to all other networks combined, it is not directly comparable among networks. No adjustment was made for the administration of antenatal steroids, cesarean birth, or birth in a nontertiary hospital because these are practice-related elements, and adjustment of these variables can lead to biased estimates in favor of underperforming systems. Missing data were not imputed. All statistical analyses and plots were conducted by using SAS version 9.3 (SAS Institute Inc, Cary, NC) or R version 2.2. 
Research ethics approval
Results
A total of 91 835 infants born between 24 and 29 weeks' gestation were identified in the iNeo database during the study period. After excluding infants with a birth weight >1500 g (N = 3070) and infants admitted to neonatal care after 36 weeks' corrected GA (N = 438), the final population consisted of 88 327 infants. The variations in care provision and organization of care among the networks are provided in Table 1 , as reported by network directors. Table 2 describes characteristics of infants in each participating network. The population coverage of iNeo networks compared with national birth statistics ranged from 61% in Japan (NRNJ) to 100% in Sweden (SNQ), Switzerland (SwissNeoNet), and Tuscany (TuscanNN). Infant characteristics (including exposure to antenatal steroids, cesarean birth, and birth in a nontertiary hospital) were markedly different among networks.
survival
Of the 88 327 included infants, 77 172 (87%) survived to discharge. Overall survival rates varied from 78% in SEN1500 to 93% in NRNJ ( Table 3 ). The differences in percentage points between networks with the lowest and highest survival rates were 49% at 24 weeks' gestation (INN 35%, NRNJ 84%), 32% at 25 weeks (INN 57%, NRNJ 89%), 20% at 26 weeks (73% SEN1500, 93% NRNJ), 12% at 27 weeks (82% SEN1500, 94% NRNJ), 8% at 28 weeks (89% SEN1500, 97% NRNJ), and 6% at 29 weeks (92% SEN1500, 98% SwissNeoNet). Survival increased as GA increased in all networks. Internetwork ranking of the survival rate followed a similar pattern at all GAs. The GA-specific survival rates are presented graphically in Fig 1. Estimated SRs comparing survival in each network to all other networks were higher in NRNJ (SR: 1.10; (Fig 2) . Pairwise comparisons among networks are presented in Supplemental Table 5 .
age at death
A total of 11 155 infants did not survive to discharge. Age at death was available for 10 839 (97%) neonates, which is presented as a function of postnatal age in Fig 3 and Supplemental Fig 4. Median age at death for the entire population was 8 days, varying from 4 days to 13 days in the FinMBR and NRNJ, respectively (Table 4) . Among deaths, 14.6% occurred before 24 hours of age (6.9% TuscanNN, 26.8% FinMBR), 29.7% at 1 to 6 days of age (23.8% NRNJ, 44.4% SwissNeoNet), 32.1% at 7 to 27 days of age (21.6% FinMBR, 37.3% TuscanNN), and 23.6% after 28 days of age (14.4% SwissNeoNet, 32.7% NRNJ) . Overall, the median postnatal age at death for the entire population remained stable at 8 days to 9 days over the study duration.
discussion
In this large, multinational study, we identified significant differences in the survival of very preterm infants, particularly at 24 to 27 weeks' gestation. Survival increased and differences in survival between networks decreased with increasing GA, whereas internetwork ranking of survival remained relatively unchanged at each gestation. The median postnatal age at death ranged from 4 days to 13 days within networks. 19 The European Health Care Outcomes, Performance and Efficiency study can also be used to validate our ranking order related to 3 countries because the ranking order of Sweden, Finland, and Italy was the same in both studies.
Some differences have to be noted in the study designs, such as the inclusion of delivery room deaths and limitation to tertiary hospitals in the NICHD NRN. The EPICE study also included stillborn infants and delivery room deaths, but the proportion of live-born infants could be extracted from their data. Including nontertiary hospitals is likely to decrease overall survival rates, but excluding delivery room deaths is likely to overestimate survival.
Internetwork differences in survival were largest among infants born at 24 weeks' gestation and decreased with increasing GA. However, networks with the lowest survival rates among 24-week infants continued to display low survival rates in relation to the other networks at almost all GA groups. Similarly, Berger et al 4 reported that among Swiss university hospitals, survival differences were most pronounced among infants born at 23 to 25 weeks' gestation, and the interunit rank remained consistent for more mature infants. We do not have detailed data for an in-depth explanation of these differences, but in addition to variable population coverage, they may be related to organizational factors, such as regionalization, staffing, philosophy of care provision, willingness to offer palliative care, and withdrawal of intensive support and other resources. 20, 21 Furthermore, it is well recognized that the approach to active care largely explains differences in survival in infants at extremely low GAs. 7, 22 We only included infants born at 24 to 29 weeks' gestation, assuming that participating neonatal units would provide active care to these neonates. It has been suggested by researchers in other studies that adopting a more active approach to extremely low GAs also results in increased survival in higher-GA groups. 23 -25 The nonsurvivors died later (median of 8 days) in our study compared with those in the NICHD NRN (median of 3 days) from 2008 to 2011. 26 However, it must be acknowledged that the infants in the NICHD NRN study were more immature (median GA of 25.7 weeks for all live births). Mohamed et al 27 found a significant increase in the mean age at death (from 6.6 days to 8.7 days) in very low birth weight infants in a large, national sample in the United States between 1997 and 2004. They also showed that infants with a birth weight of <500 g died earlier than others.
Finally, we also identified differences in the age at death of nonsurvivors among the iNeo networks. The reasons for death vary at different postnatal ages. In the NICHD NRN study, 26 the predominant causes of death were reported to be immaturity in the first 12 hours of life, followed by respiratory distress syndrome during the first 2 weeks to 4 weeks, necrotizing enterocolitis between 0.5 months and 2 months, 993 (251) 986 (246) 980 (259) 972 (247) 927 (256) 978 (247) 986 (256) 961 (254) 940 (257) 976 (243) 969 ( 3706 (28.8) [9] 484 (29.6) 
Total n/N (%) Some networks limited their data collection to infants with a birth weight of <1500 g, which led us to restrict our whole data set accordingly. This might introduce bias because some well-grown infants in the higher-GA range are excluded. However, this bias is similar in all networks, and the results were adjusted for countryspecific birth weight z scores. Likewise, some networks collect data only from tertiary neonatal units, which is likely to introduce a bias because very preterm infants born in nontertiary hospitals have PEDIATRICS Volume 140, number 6, December 2017 7
FiGuRe 1
GA-specific survival for infants (24-29 weeks' gestation, birth weight <1500 g) born between 2007 and 2013 and admitted to neonatal care in the iNeo networks.
FiGuRe 2
SRs of survival for infants (24) (25) (26) (27) (28) (29) weeks' gestation, birth weight <1500 g) born during the study period (2007) (2008) (2009) (2010) (2011) (2012) (2013) and admitted to neonatal care in each iNeo network. a SRs comparing the survival in each network to all other networks combined. Vertical bars are the estimated 99% CIs of the SRs. The dotted curves represent the 99% control limits expected under the null hypothesis of similar outcome rates (SR = 1).
higher mortality rates. 31 In the future, similar comparisons should attempt to include all deliveries of live fetuses at presentation to the hospital. Meanwhile, networks should aim to increase the number of participating neonatal units to achieve complete population coverage, enable a comprehensive assessment of outcomes, and avoid selection biases in their evaluations.
conclusions
Large variations in the survival of very preterm infants were evident among iNeo networks. Internetwork differences in survival were largest at 24 weeks' gestation, and relative network ranking of the survival rate persisted across the studied GAs. For nonsurvivors, the median age at death varied from 4 days to 13 days among the networks. Our results warrant further assessment of the organization of perinatal services, national guidelines, philosophy of care, and resources used for decision-making.
acKnoWledGMents
We acknowledge all investigators and data abstractors of the networks participating in the iNeo consortium for their diligent work. We also thank staff at the Maternal-Infant Care Research Centre in Toronto, Ontario, for organizational, statistical, and editorial support. Dr Shah had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. 8 10 (3-26) 4 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) 7 (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 13 8 (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 7 (2-24) 6 (2-16) 8 (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) 8 8 No. missing 
